ABSTRACT
INTRODUCTION. s
Isolation of bioactive ingredients from plants by the common extraction methods [1-3] is a laborious and time consuming process. Such isolations can be achieved by use of metal ions as well [4] . Nicotine is present in tobacco leaves as major component and its quantity may range from 0.5-8.0% [5] . In the present work, we wish to report use of Zn +; , Cd +: and Hg +2 ions as extractant of nicotine from tobacco leaves. This is a new, easy, quick and economical method with potential application in medicinal and natural product chemistry.
EXPERIMENTAL Chemicals and Equipments
All the chemicals were of analytical grade and purchased from standard firms (E.Merck & BDH) and were used as such without further purification. Infrared absorption spectra were recorded on Hitachi 270-50 and Shimadzu 460 Spectrophotometer using KBr disc and thin film (NaCl). UV-Visible absorption spectra were recorded on Hitachi V-220S instrument. Mass spectra were recorded on Finnigan MAT-112 and MAT-312 double focussing mass Spectrometers . Elemental analysis were carried out on a CHN Analyzer 1106 (Carl Erba). Field Desorption mass spectra were obtained from H.E.J. Research Institute of Chemistry, Karachi, Pakistan. Ή NMR spectra were recorded on Brucker AM-300 MHz Spectrophotometer.
Isolation Procedure
Commercially available Nicotiana tabacum leaves locally known as "B2" variety, obtained from Tungi Peshawar Pakistan, were dried in oven at 50°C and ground to a fine powder in a domestic grinder. Powdered leaves (50 g) were percolated in 500 ml of commercial ethanol, stirred for two hours and filtered. The process was repeated for at least three times with fresh solvent. All the three filtrates were mixed and solvent removed under vacuum. The dark brownish black residue so obtained, was redissolved in water and extracted with 50 ml portion of n-hexane for removal of fats, tannins and proteins etc. The process was repeated until the organic layer became colourless. The aqueous layer was then basified with dilute NH 4 OH solution to pH-8.5 and extracted with 50 ml portions of chloroform for at least three times. Chloroform extracts were mixed, dehydrated over anhydrous MgS0 4 and filtered. The filtrate was dried to yield nicotine alkaloidal residue (NAR).
Another method which is relatively easy for obtaining NAR solution was also tried. Powdered tobacco leaves (50 g) were stirred with 300 ml of 5 % NaOH solution for two hours and filtered. The process was repeated three times. Filtrates were combined, pH adjusted to 6 with acetic acid, treated heavily with activated charcoal and finally filtered. The filtrate was extracted with n-hexane to remove fats, tannins and proteins. The aqueous layer is NAR solution which was used for the recovery of nicotine.
Pure nicotine was then isolated from NAR by first treating it with one of the metal ions, Zn* 2 , Cd* 2 , or Hg 42 and then demetallating the M-N* complex so formed by using appropriate chemical and physical methods. Results (yield, purity etc.) depend upon the nature of solvent and metal ion.
(A)
Isolation of nicotine with metal ions from glacial acetic acid medium .
The NAR (15.78 g) was dissolved in 25 ml glacial acetic acid, filtered, cooled to 5°C and then 1 % metal ions solution (Zn +2 or Hg +2 ) in glacial acetic acid, was added dropwise with constant stirring. Nicotine precipitated out as pale yellow metal complex with each Zn +2 and Hg +2 ions. Precipitates were allowed to settle, filtered, washed with acetone and then with diethyl ether several times and finally dried in vacuum desiccator. Complexes thus formed were recrystallized from DMSO and characterized by analytical and spectral methods (yield: Zn-N", 1.84; Hg-N", 2.24 g).
(B)
Isolation of nicotine with metal ions from acetone medium.
Isolation of nicotine from NAR was also carried out from the acetone medium. This method is rather easy, quick and gives better results than method (A). Approximately 1 % solution of the metal ions (Zn 2+ , Cd +: or Hg* 2 ) in acetone was directly stirred with 15.78 g NAR solution for 30 minutes. The reaction mixture was concentrated, allowed to settle, a crystalline product separated out. It was filtered, washed with acetone & dried under vacuum. The product was recrystallized from DMSO giving needle like crystal, (yield: Hg-N*, 2.12; Cd-N", 1.66; Zn-N", 1.47 g).
(C)
Recovery of nicotine from metal-nicotine complexes.
Pure nicotine was recovered from the Zn 2+ , Cd +2 and Hg +2 complexes by precipitation of metal ions with H-.S gas. Each complex was dissolved in 1 % acetic acid solution and H 2 S gas was passed through it. The precipitates of metal sulphide thus formed were filtered. The filtrate was heated at 60°C to drive off excess H : S, cooled and then the pH adjusted to 8.5 with dilute NH 4 OH. The filtrate was treated with NaCl and nicotine was extracted with chloroform followed by ethyl acetate. The yield of isolated nicotine from Zn-N", Cd-N" and Hg-N" complexes was 50.1, 43.4 and 30.1% respectively.
DISCUSSION
Nicotine like many other natural products can be isolated from plant sources by the commonly used fractionation and chromatographic methods [1] [2] [3] . These isolation methods, though quite successful, are laborious and time consuming. Present method (metal mediated extraction) is relatively simple, easy, quick and economical. This is based on stereoselective reaction between the metal ions and one of the components of the plant extract. Many medicinal compounds in plant materials may be selectivity extracted/precipitated as a metal complex or otherwise as a metal derivative. Such extractions depend upon the nature of metal, the nature of bioactive component and the reaction conditions (temperature, pH, solvent etc.). Thus optimum conditions coupled with suitable metal ions can bring about highly selective reactions [6, 7] .
We have successfully used these considerations and isolated pure nicotine from tobacco leaves using Zn 42 , Cd +2 , and Hg +: as the extractants. The nicotine was isolated in good yield (0.72% of total weight of tobacco leaves).
In order to confirm and establish the theoretical basis of this method, we have characterized both the precipitated M-N" complexes and the isolated nicotine (the N") by elemental analysis and spectral techniques.
Characterization of metal-nicotine complexes.
Selective isolation of nicotine from tobacco leaves via complexation with metal ions was established from the results of the following investigations. First its presence in the complexes was confirmed and then the organic bioactive component recovered from these complexes was established as nicotine.
a)
Chromatography: Purity of complexes and nicotine was checked using thin layer chromatography (TLC). All complexes gave a single spot on silica gel plate (preparative) and alumina TLC precoated card, using n-butanol : acetic acid : water 3:1:1 respectively. are not observed in the spectra of its metal complexes. This is probably due to electron density redistribution in pyridine and pyrrol rings due to metal complexation. The most significant band shifting is observed in C = N stretching region (1578-1608 cm"'). These observations strongly support the involvement of nitrogen of the pyridine ring in the complex formation. Stretching frequency of C-N is slightly changed in case of complexes except in Hg +2 complex where appreciable change is observed. This is due to the shifting of charge from Hg +2 to nicotine.
d) UV-Visible Spectra: The prominent absorption band at 263 nm shown by the isolated and standard nicotine is also shown (though slightly shifted) by Zn-N" (263.2 nm), Cd-N" (264 nm) and Hg-N" (257.8 nm) complexes. Band shift due to complexation is negligible in case of Zn-N" and Cd-N" complexes, whereas it is appreciable (~5 nm) in case of Hg +J ion which is relatively more polarizable and as such its electron density can easily transfer to nicotine Orbitals. This back donation by mercury is responsible for shift of nicotine band (263 nm) to higher energy (257.8 nm) in Hg-N" complex. These observations clearly confirmed the presence of nicotine in the isolated complexes.
e) Mass Spectra: Each one of the three M-N" complexes exhibited the expected m/z = 162, molecular ion peak of pure nicotine [9] . Further the fragmentation pattern observed for pure nicotine (M + , 162; M-l, 161; M-29, 139; M-43, 119; M-78, 84) was also exhibited by the isolated complexes.
f) Field Desorption(F.D.) Spectra: F.D. mass spectra of the metal complexes, Zn-N", Cd-N" and Hg-N", isolated from Nicoriana tabacum. gave single molecular ion peak at m/z = 162. These spectral observations clearly confirmed the presence of nicotine in these complexes and hence isolation of nicotine via complexation with metal ions. The metal ion peak of these complexes (decomposition point 108-143°C) was not observed in F.D. spectra because metal part of complexes is less volatile as compared to nicotine. g) Ή NMR Spectra: The chemical shifts of Ή NMR spectra of Zn-N", Cd-N" and Hg-N" complexes are comparable to the chemical shifts of pure nicotine [10] , with the exception of pyridine protons that are slightly shifted due to involvement of pyridine nitrogen in coordination [11] . The Ή NMR data of isolated nicotine and its complexes is given in Table-1. Characterization of the isolated nicotine.
Nicotine(N') isolated by this method was fairly pure and in good yield. Its purity was checked by TLC using preparative silica gel plates and alumina TLC precoated cards. UV-Visible Spectra of the N" in DMSO showed one band (X max 263 nm) which was similar in shape and position to that of standard nicotine (E.Merck) sample. Infrared spectrum of the N" matched well with that of reported sample [8] . Mass spectrum and fragmentation pattern of the N" was similar to that of reported nicotine sample [9] , Ή NMR of the N* is also comparable with reported nicotine sample [10] .
The isolated nicotine was further confirmed by preparing its derivative, nicotine picrate m.p. same as in literature, 218°C. 
